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Introduction 
The accession of Poland and other countries of Central and Eastern Europe (CEEC) into the 
European Union on May 1, 2004 is a social and economic challenge and a milestone in the history. 
The membership in the EU is expected to improve the social and economic potential of new 
member states. The economic effects will be particularly important. In case of Poland, in particular, 
we can expect that the ties in foreign trade and financial linkages with the EU will be further 
strengthened. Finally, the integration of the Polish financial market with the European and world 
markets will culminate with the expected adoption of the Euro. 
In this paper we present simulations of the short-term economic growth in Poland based on a 
quarterly econometric model. The model has a background in theories of international economics. It 
contains the blocks, which link the financial market with the real economy. We search for effects of 
changes to domestic and foreign interest rates and the exchange rate EUR/USD on the main 
macroeconomic indicators of the Polish economy. 
There is a comprehensive literature on macroeconometric multiple-equation modelling of 
the Polish economy, both in the short and long term. The models focus on the whole economy (see 
e.g. Charemza 1994; Welfe W. (ed.) 1996 and 1997; Barteczko and Bocian 1996; Welfe W. et al. 
2000; Charemza and Strzala 2000; Welfe A. et al. 2002; Bradley and Zaleski 2003) or they are 
devoted to particular sectors or markets (see e.g. Maciejewski 1981; Lapinska-Sobczak 1997; Milo 
et al. 1999; Karadeloglou et al. 2001; Milo and Lapinska-Sobczak 2002; Brzeszczynski and Kelm 
2002; Plich 2002; Wdowinski and Milo 2002; Wdowinski 2002). There also exists an extensive and 
growing literature on macroeconomic and financial market modelling either with low or high 
frequency data in case of Poland (see e.g. Sztaudynger 1997; Milo (ed.) 2000; Osiewalski and 
Pipien 2000; Kelm 2001; Sokalska 2002; Osinska 2002; Charemza and Strzala (eds.) 2002; Doman 
M. and Doman R. 2003; Wdowinski 2004a, to mention just a few). 
The paper is structured as follows. In Section 1 we present the model and estimation results. 
Simulation scenarios are given in Section 2. Finally, we present concluding remarks and policy 
implications. 
 
1.  The quarterly econometric model 
In this section we describe the quarterly model of the Polish economy. The model consists 
of 22 stochastic equations and an identity for Gross Domestic Product (GDP). We have introduced 
the following blocks into the model: 
•  prices – consumer price index, producer price index, import prices and export prices 
from/to the EU-15, CEEC countries, and the rest of the world (RW),   3
•  money market – money supply M1 and M2, interest rates (money market rate and 
lending rate), 
•  exchange rates – PLN/USD, PLN/EUR and the nominal effective exchange rate of 
the zloty (NEER), 
•  imports and exports from/to the EU-15, CEEC, and RW country regions. 
We have also estimated equations for the capital market risk, private consumption, average wages, 
and unemployment rate. 
The model can be used in simulation analyses of alternative monetary, fiscal and trade 
policies as well as ex-ante forecasts of main economic indicators in Poland. We stressed an impact 
of the real exchange rate and demand for imports and exports as well as effects of the price 
formation system. The trade balance is derived as a difference of exports and imports. The model is 
closed with a GDP identity. In the simulation model we have introduced recursive transformations 
by which we generate a number of variables: real wages, trade balance in US dollars, shares of 
imports/exports from/to specified country regions in total imports/exports, shares of imports/exports 
in GDP, terms of trade, trade balance in total and in breakdown by country groups. 





















































































































Symbols in bold indicate endogenous variables. Dotted line indicates lagged dependence. 
Source: own elaboration. 
In the price setting mechanism, producer prices (PPI) are affected through import prices, 
nominal average wages, exchange rates and a real interest rate. This represents a cost side of 
producer price formation. Consumer prices (CPI) are determined by cost, income, and money 
factors. Export prices are influenced either by producer prices or GDP prices. Nominal average 
wages are determined by consumer prices (wage indexation), productivity, and labour market 
imbalance (unemployment rate). These factors are essential in the price-wage inflationary feedback. 
The import and export equations are given in a Keynesian tradition as functions of income 
and relative prices. We have introduced foreign trade breakdown by country regions: EU-15, CEEC 
and RW. Hence, all respective variables – income and prices – are country-specific. In the 
simulation model net exports is given by an identity. 
The money market is represented by money supply M1 and M2, interest rates (money 
market rate and lending rate), and exchange rates PLN/USD, PLN/EUR and NEER. The equations 
for exchange rates PLN/USD and PLN/EUR are given in a monetary framework. 
  4We have introduced the capital market in Poland into the model by explaining the country 
beta risk proposed in Wdowinski and Wrzesinski (2004) and further elaborated in Wdowinski 
(2004a). 
The model has been estimated within the sample that ranged between 22 and 46 
observations over the period of Q2, 1993 – Q2, 2003. Below we give estimation results of selected 
equations that belong to the capital market, the money market, and the price setting mechanism to 
prepare a focus to financial simulations with the model. We also comment on foreign trade block. 
We have applied selected tests to determine statistical properties of estimated equations. 
Therefore, we have: 
2 R  - adjusted coefficient of determination,   - standard equation error, 
 - Durbin-Watson statistic,   - Breusch-Godfrey statistic to test for serial correlation in 
residuals,   - Jarque-Bera statistic to test for normality of residuals,   - autoregressive 
conditional heteroscedasticity in residuals test statistic, WHITE - heteroscedasticity in residuals test 
statistic, 
SEE
W D− G B −
B J − ARCH
ADF  - (augmented) Dickey-Fuller test statistic, CHOW - Chow’s stability of estimates 
test statistic, TP  - turning points test statistic of forecasting accuracy. Respective test probabilities 
and t-Student statistics are given in brackets. The dummy variables and AR terms announced in 
estimation results were introduced into selected equations to account for outliers and to eliminate 
serial correlation in residuals if other procedures failed. Although not reported, those effects in 
dummies and AR terms were highly significant which gives more insight into structural changes to 
endogenous variables. 
Below we present an outline of estimation results. 
 
The capital market risk 
() ( )
() () ( )
obs.)   (31   4 : 2002   - 2 : 1995
% 43 . 71 ], 68 . 0 [ 63 . 0 ], 00 . 0 [ 31 . 6 ], 13 . 0 [ 51 . 12
], 18 . 0 [ 79 . 1 ) 1 ( ], 66 . 0 [ 82 . 0 ], 35 . 0 [ 87 . 0 , 31 . 2 , 10 . 0 , 82 . 0
00 . 3 70 . 4 42 . 0




TP CHOW ADF WHITE
ARCH B J G B W D SEE R
stat t




MM MM t WIG
= = − = =
= = − = − = − = =
− −
+ ∆ − ∆ − − + = β
   (1) 
where: 
WIG β  - country beta risk (Poland) calculated in Wdowinski and Wrzesinski (2004) and Wdowinski 
(2004a), 
MM i  - money market rate, percent per annum, IFS, Line 96460B...ZF..., 
EU
MM i  - interbank rate (3-month maturity), percent per annum, euro area, IFS, Line 16360B.ZF…, 
  5GDP Y  - GDP, national currency, bln, Poland, IFS, Line 96499B...ZF... deflated with   - price 




GDP Y  - GDP at market price, Euro area (changing composition), constant prices - ECU/euro - mixed 
method of adjustment, bln of unit. 
The capital market risk is measured as a time-varying parameter estimated in a regression of 
the Warsaw Stock Exchange Index WIG on foreign indexes (DJIA, NASDAQ, DAX and FTSE). 
This country beta risk is an average of monthly individual beta parameters estimated for daily data 
in monthly sub-periods in regressions for WIG index on individual foreign stock market indexes. 
We have found in Wdowinski and Wrzesinski (2004) and Wdowinski (2004a) within a 
monthly research that monetary variables as exchange rates and interest rates have relatively more 
power than real variables in explaining the country beta market risk in Poland. As we can see, 
within the quarterly data the relations are similar. The capital market risk also depends on money 
market interest rate differential to a larger extent than on GDP growth differential, having 
considered a size of respective estimates and their significance. 
Now let us show the money market equations for M1 and M2 money supply, money market 
interest rate, lending rate, and exchange rates. 
We assume that the money market is in equilibrium, i.e. 
D S M M = , where   and   denote 
supply and demand, respectively. The equilibrium condition specifies the following relation (see 
e.g. Wdowinski and van Aarle 2001): 
S D
i y p ms λ κ − = − ,            ( 2 )  
where:   - (log of) nominal money supply,  - (log of) price index,  - (log of) real income, i - 
nominal interest rate, and 
S m p y
κ , λ  - parameters. The parameter κ  represents the effects of transaction 
demand for money, while λ  represents speculative demand for money. Below we give estimation 
results of money equations. 
 
Money supply M1 
() () ( )
obs.)   (24   1 : 2003   - 2 : 1997
% 33 . 33 ], 86 . 0 [ 15 . 0 ], 00 . 0 [ 80 . 5 ], 37 . 0 [ 80 . 10
], 14 . 0 [ 21 . 2 ) 1 ( ], 88 . 0 [ 26 . 0 ], 04 . 0 [ 29 . 4 , 41 . 2 , 01 . 0 , 98 . 0
34 . 18 73 . 5 19 . 1
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t CPI
= = − = =
= = − = − = − = =
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  6where: 
1 M  - money supply M1, bln of PLN, source: http://www.nbp.pl/, 
CPI P  - consumer prices, index numbers (1995=100): period averages, Poland, IFS, Line 
96464...ZF... 
 
Money supply M2 
() ( ) ( )
obs.)   (25   1 : 2003   - 1 : 1997
% 14 . 57 ], 79 . 0 [ 35 . 0 ], 00 . 0 [ 24 . 4 ], 78 . 0 [ 83 . 4
], 14 . 0 [ 15 . 2 ) 1 ( ], 80 . 0 [ 44 . 0 ], 54 . 0 [ 38 . 0 , 76 . 1 , 01 . 0 , 99 . 0
49 . 4 42 . 2 22 . 10
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t MM t GDP
t CPI
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= = − = − = − = =
− −








2 M  - money supply M2, bln of PLN, source: http://www.nbp.pl/
As expected, the response of M1 – cash demands – to changes in GDP and money market interest 
rate is much stronger than in case of M2 money supply – a broader definition of money demands 
with low liquidity. 
 
Money market interest rate 
() ( ) ( )( )
obs.)   (32   4 : 2002   - 1 : 1995
% 86 . 42 ], 91 . 0 [ 41 . 0 ], 00 . 0 [ 86 . 8 ], 16 . 0 [ 88 . 11
], 02 . 0 [ 22 . 5 ) 1 ( ], 81 . 0 [ 42 . 0 ], 002 . 0 [ 60 . 9 , 60 . 0 , 99 . 0
26 . 15 89 . 4 43 . 6 40 . 5
70 . 0 63 . 2 32 . 0 47 . 2 ˆ
2
, , 1 , ,
sample
TP CHOW ADF WHITE
ARCH B J G B SEE R
stat t
dummies i i i t D t WIG t MM t MM
= = − = =
= = − = − = =
− −
+ + + + − = − β
    (5) 
where: 
D i  - discount rate (end of period), percent per annum, Poland, IFS, Line 96460...ZF... 
 
Lending interest rate 
() ( )()
obs.)   (46   2 : 2003   - 1 : 1992
% 50 . 87 ], 80 . 0 [ 62 . 0 ], 00 . 0 [ 22 . 5 ], 01 . 0 [ 11 . 25
], 63 . 0 [ 23 . 0 ) 1 ( ], 76 . 0 [ 55 . 0 ], 07 . 0 [ 21 . 3 , 43 . 0 , 99 . 0
53 . 9 78 . 13 99 . 3
31 . 0 62 . 0 80 . 6 ˆ
2
, 1 , ,
sample
TP CHOW ADF WHITE
ARCH B J G B SEE R
stat t
dummies trend i i i t MM t L t L
= = − = =
= = − = − = =
−
+ + + + = −
    (6) 
where: 
  7L i  - lending rate, percent per annum, Poland, IFS, Line 96460P..ZF... 
In case of both interest rates we have used   specification. With this simplified 
approach we tried to capture the risk of the market specified by the respective interest rate. We can 
see that the estimate by a lagged interest rate  (0.32) is much lower than its counterpart by a 
lagged lending rate   (0.62). This means that the adjustment towards equilibrium after a shock 
takes more time in the credit market. The difference in this inertia makes the interest rate 
differential in the credit and money markets to narrow very slowly. Hence, the higher the 
differential, the higher the price of credit. 
) 1 ( AR
MM i
L i
We should also note that there is a feedback between the money market ( ) and the 
capital market represented by the country beta risk (
MM i
WIG β ) (see Fig. 1). The coefficient by  WIG β  
(2.63) denotes that 10 points increase ceteris paribus in the capital market risk gives rise to an 
increase in money market rate by 0.26 pp. 
In modelling exchange rates
1 we have used a monetary approach. The monetary model is 
given as follows (see e.g. Meese and Rogoff 1983): 
i y p ms λ κ − = − ,            ( 7 )  
* * * * * * i y p ms λ κ − = − ,           ( 8 )  
* p p s − = ,             ( 9 )  
where:   - (log of) nominal money supply,  - (log of) price index,  - (log of) real income, i - 
nominal interest rate, 
S m p y
s - equilibrium exchange rate, κ , λ  - parameters, and the symbol ‘*’ denotes 
respective foreign variables. 
Substituting (7) and (8) into (9) for prices and under assumption that  * κ κ =  and  , we 
obtain the monetary model of exchange rate: 
* λ λ =
( ) ( ) ( )
∗ ∗ ∗ − + − − − = i i y y m m s
s s λ κ .         ( 1 0 )  
In Wdowinski (2004b) we have assessed the predictive power of exchange rate quarterly 
purchasing power parity and monetary models. We have found that the predictive accuracy of the 
monetary model is higher than the power of the PPP model in case of exchange rates PLN/USD and 
PLN/EUR. Below we present estimation results of empirical exchange rate models. 
                                                           
1 We define the exchange rate as a domestic price of foreign currency. 
  8Exchange rate PLN/USD 
() ( )
() () ( )
obs.)   (27   3 : 2003   - 1 : 1997
% 43 . 71 ], 99 . 0 [ 002 . 0 ], 00 . 0 [ 25 . 7 ], 39 . 0 [ 56 . 9
], 48 . 0 [ 50 . 0 ) 1 ( ], 72 . 0 [ 66 . 0 ], 05 . 0 [ 91 . 3 , 69 . 2 , 01 . 0 , 98 . 0
12 . 3 24 . 26 21 . 18
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= = − = =
= = − = − = − = =
− −
+ − − − + = −
 (11) 
where: 
USD S  - market rate, zlotys per US dollar: period average (rf), national currency per U.S, Poland, IFS, 
Line 964..RF.ZF..., 
US M2  - money supply M2, bln of US dollars: ed of period, United States, IFS, Line 
11159MB.ZF..., 
US
GDP Y  - GDP (1995=100), index number, United States, IFS, Line 11199BVRZF... 
 
Exchange rate PLN/EUR 
() ( )
() () ( ) ( )
obs.)   (22   3 : 2003   - 2 : 1998
% 00 . 70 ], 00 . 0 [ 51 . 5 ], 67 . 0 [ 50 . 8
], 19 . 0 [ 75 . 1 ) 1 ( ], 86 . 0 [ 30 . 0 ], 46 . 0 [ 54 . 0 , 27 . 2 , 02 . 0 , 94 . 0
74 . 12 01 . 2 57 . 0 62 . 0
ln 53 . 0 ln ln 27 . 0 1 ln 1 ln 56 . 0 28 . 0 ˆ ln
2
1 , / 2 2 ,
sample
TP ADF WHITE
ARCH B J G B W D SEE R
stat t





= − = =
= = − = − = − = =
− − −
+ − − − − + = − − −
   (12) 
where: 
EUR S  - PLN/EUR - fixing NBP (monthly average) since 1996, until 1996 ECB reference exchange 
rate, US Dollar/Euro, 2:15 pm (C.E.T.), against ECU up to December 1998 x PLN/USD - fixing 
NBP (monthly average), 
EU M1  - Euro area, gross stocks, central government and MFIs (with ECB) [G plus U] reporting 
sector - Monetary aggregate M1, All currencies combined - Euro area counterpart, other residents 
and other general govnt. (2120 & 2200) sector, denominated in Euro, data working day and 
seasonally adjusted, bln of euro, 
USD EUR S /  - national currency per U.S. dollar, euro area, IFS, Line 163..RF.ZF… 
 
  9Nominal effective exchange rate of the zloty 
() ( ) ()
obs.)   (41   2 : 2003   - 2 : 1993
% 100 ], 82 . 0 [ 61 . 0 ], 00 . 0 [ 23 . 5 ], 10 . 0 [ 58 . 10
], 30 . 0 [ 08 . 1 ) 1 ( ], 67 . 0 [ 81 . 0 ], 25 . 0 [ 30 . 1 , 65 . 1 , 01 . 0 , 99 . 0
77 . 31 61 . 9 46 . 99
1
ln 80 . 0
1






TP CHOW ADF WHITE
ARCH B J G B W D SEE R
stat t
dummies
S S S t EUR t USD t NEER
= = − = =




























NEER S  - nominal effective exchange rate, index numbers (1995=100): period averages, Poland, IFS, 
Line 964..NECZF... 
The results show a similar response of exchange rates to changes in money supply and 
income differentials. We should also note a very significant effect of changes to the exchange rate 
EUR/USD on the exchange rate PLN/EUR. The same effect in case of the exchange rate PLN/USD 
turned out to be insignificant. In both equations (11) and (12), the influence of short-term interest 
rates was insignificant. This effect seems to be stronger with higher frequency data (monthly or 
daily). 
Estimation results of the NEER exchange rate show that the weight of PLN/EUR rate was 
much higher than the weight of PLN/USD rate over the analyzed period, i.e. Q2, 1993 – Q2, 2003. 
Now let us turn to foreign trade relations which account for a part of the real side of the 
model. We need to point out that during the last decade a significant change in international trade 
relations could be observed in Poland. In particular, trade relations with the EU-15 and CEEC 
countries have developed remarkably. Both import and export structure has changed during 
transition. The membership in the EU will have even stronger impact on the trade balance of Poland 
and other countries which joined the EU. Foreign trade is a very important factor of economic 
growth in those countries. However, their dynamics of imports used to exceed the dynamics of 
exports. We can expect that high dynamics of imports will persist mainly due to (i) ongoing 
transition process and modernization of the economy, which calls for high investment and 
intermediate goods imports, (ii) abolishing of trade barriers after joining the EU and with the Rest 
of the World within WTO, (iii) inflow of FDI which creates demand for imports and (iv) 
appreciation of the zloty as a result of FDI and portfolio investments in Poland. To improve the 
trade balance it is necessary to increase exports by corporate restructure, cost optimization and 
seeking for new markets. It is then necessary to pursue such economic policy, which will allow 
raising the rates of investment outlays to lower costs and improve the quality of production. 
Without continuous changes in the level of competitiveness of the Polish economy it is not possible 
  10to improve the trade balance. The competitiveness, however, should be viewed by gaining a 
comparative advantage in a variety of commodities by cost optimization and quality improvement 
and not by policy of currency depreciation. An important favourable factor of exports growth is FDI 
inflow and ownership restructure in the economy (see Wysokinska 1999). 
Economic growth in Poland depends on foreign trade to a large extent. The trade of Poland 
has been divided in the model into three regions: EU-15, CEEC and the Rest of the World (RW). 
The latter has been calculated in the following way: 
) (
CEEC EU W RW T T T T + − ≡ ,           ( 1 4 )  
where T  denotes either imports to or exports from Poland and W  stands for WORLD. 
The estimates of foreign trade equations are presented in Table 1. 
Table 1. Income and price elasticities of imports and exports by country regions 
short-term long-term short-term long-term
UE 1,01 x -0,23 x
CEEC 1,03 x -0,24 x
RW 1,07 x -0,64 x
UE 2,14 3,45 -0,57 -0,92
CEEC 0,26 1,00 -0,21 -0,81







Source: own calculations. 
We observe a very similar short-term response of regional imports to GDP income changes and a 
similar relative price effect in the case of EU-15 and CEEC. The price effect is much stronger in 
case of RW region. The results show then a similar pattern of Poland’s trade with the EU-15 and 
CEEC, while more fluctuations can be observed in imports with RW countries, mainly due to price 
shocks. 
In case of exports we can see a different picture. Both income
2 and price elasticities are 
more diversified. The highest income effect we can see in case of the EU-15, while the strongest 
price effect again in case of RW region. 
Comparing the results for exports and imports we can conclude that export structure is more 
likely to change due to income and price shocks than import structure. 
Finally, we will show PPI and CPI equations as prices play an important role in the model. 
 
                                                           
2 We have used different income indicators in regional exports from Poland, i.e. for the EU – GDP plus imports (total absorption), for 
CEEC – CEEC exports in US dollars, for RW region – RW exports in US dollars defined as a difference between world exports and 
a sum of EU exports and CEEC exports. 
  11Producer price index 
() () () () ()
()
() ()
obs.)   (31   2 : 2003   - 4 : 1995
% 00 . 20 ], 44 . 0 [ 85 . 0 ], 00 . 0 [ 25 . 8 ], 87 . 0 [ 19 . 9
], 30 . 0 [ 06 . 1 ) 1 ( ], 81 . 0 [ 43 . 0 ], 83 . 0 [ 05 . 0 , 93 . 1 , 008 . 0 , 99 . 0
76 . 3 72 . 3
) / 1 ln( 14 . 0 ln 003 . 0
13 . 6 41 . 3 22 . 3 26 . 6 96 . 5
ln 29 . 0 ln 03 . 0 ln 14 . 0 ln 26 . 0 63 . 1 ˆ ln
2
2 , 2
1 , 2 , , ,
sample
TP CHOW ADF WHITE
ARCH B J G B W D SEE R
dummies S P i
stat t
P P W P P
t NEER t CPI L
t ENERGY t FUEL t
W
t M t PPI
= = − = =
= = − = − = − = =
+ + ∆ − +
−
+ + + + =
− −
− −
   (15) 
where: 
PPI P  - producer prices: industry, index numbers (1995=100): period averages, Poland, IFS, Line 
96463...ZF..., 
W
M P  - import price, index 1995=100, calculated on the base of regional import price indexes from 
EU-15, CEEC and RW, own calculations, 
W  - gross average wages in sector of enterprises, PLN, GUS Polish Statistical Office, 
FUEL P  - fuel producer prices, Poland, tab. 13, GUS Polish Statistical Office Prices in the national 
economy, 
ENERGY P  - energy producer prices, Poland, tab. 13, GUS Polish Statistical Office Prices in the 
national economy. 
 
Consumer price index 
( ) () () () () ( )
obs.)   (23   2 : 2003   - 4 : 1997
% 14 . 57 ], 00 . 0 [ 78 . 5 ], 38 . 0 [ 85 . 12
], 83 . 0 [ 04 . 0 ) 1 ( ], 60 . 0 [ 02 . 1 ], 21 . 0 [ 58 . 1 , 31 . 2 , 003 . 0 , 99 . 0
16 . 3 51 . 3 60 . 4 77 . 9 24 . 4 32 . 7
002 . 0 2 ln 12 . 0 ln 11 . 0 ln 53 . 0 ln 33 . 0 89 . 1 ˆ ln
2
, 3 3 , , , ,
sample
TP ADF WHITE
ARCH B J G B W D SEE R
stat t
dummies i M Y P P P t MM t t GDP t FOOD t PPI t CPI
= − = =
= = − = − = − = =
− − −
+ − + + + + − = − −
 (16) 
where: 
FOOD P  - food prices, Poland, tab. 23: consumer prices, GUS Polish Statistical Office Prices in the 
national economy. 
We can see that producer prices are determined to a large extent by import prices ( ) and 
energy producer prices ( ). The effects of wages (
W
M P
ENERGY P W ), fuel producer prices ( ), and 
nominal effective exchange rate ( ) are less pronounced. A positive influence of the real 
lending interest rate is highly significant. 
FUEL P
NEER S
  12Consumer prices follow producer prices and are highly influenced by food prices ( ). 
The income and monetary effects are weaker. It seems that cost factors played a dominant role over 
monetary factors in the price setting mechanism in the period 1995-2003. This is due to structural 
price changes that take place in the economy as part of a transition process and EU pre-accession 
structural price adjustments. 
FOOD P
Finally, statistical properties of estimated equations should be considered. We observe that 
all equations are economically relevant in terms of coefficient signs and posses good statistical 
properties. The 
2 R  coefficient is high, we do not reject the null of normality and in most cases no 
autocorrelation and no heteroscedasticity of residuals is present, while estimates are stable over 
time. We should also point out a relatively high ability of the model equations to trace changes to 
tendency in endogenous variables as given by turning points statistic: 
()
() 0









t t t t t t
y y N
y y y y y y N
TP ,   ( ) 0 0 1 ≠ < ∆ ∆ − t t y y N , 
where   and   denote changes in endogenous variables   and their predictors  , respectively. 
The TP statistic
3 measures a percentage of a number of matched turning points to tendency in 
t y ∆ t y ˆ ∆ y y ˆ
y  
and   in a number of all turning points in  y ˆ y . 
Since the purpose of our study is to evaluate economic effects of financial shocks to interest 
rates and exchange rates on the performance of the Polish economy, in Section 2 we present 
simulation exercises. 
 
2.  Financial shocks and economic growth in Poland – simulation results 
In this Section we give ex post simulation results of financial shocks in the period Q2, 1998 
– Q4, 2002. We have studied three scenarios. Scenario 1 denotes a 5 pp. shock to a domestic 
discount interest rate, Scenario 2 denotes a 10% shock to the exchange rate EUR/USD, i.e. a 
depreciation of the euro against the dollar, and finally, in Scenario 3 we have put a shock to a short-
term EU interest rate by 5 pp. We have applied both an impulse and a sustained shock. 
Before running scenario analyses, we carried out static and dynamic base simulations on the 
model. We observed good fit to empirical data and no significant differences between static and 
dynamic simulations were obtained. This stands for a proper dynamic specification of the model. 
The errors
4 are given in Table 2. 
                                                           
3 See e.g. Welfe and Brzeszczynski (2000). 
4 See e.g. Gajda (1988) for measures of ex post and ex ante simulation errors. 
  13Table 2. Ex post simulation errors 
Variable Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic
capital market risk 0,06 0,06 0,08 0,07 39,50% 51,83% 0,1112 0,1092 54,55% 36,36%
real money supply M1 654,37 784,51 741,66 1067,87 1,12% 1,37% 0,0064 0,0092 25,00% 25,00%
real money supply M2 1521,78 1590,46 1982,95 2141,35 1,00% 1,04% 0,0064 0,0069 60,00% 80,00%
money market rate 0,54 0,49 0,67 0,61 3,51% 3,25% 0,0215 0,0194 33,33% 33,33%
lending rate 0,30 0,54 0,44 0,67 1,66% 2,98% 0,0119 0,0183 50,00% 100,00%
exchange rate PLN/USD 0,05 0,05 0,06 0,06 1,26% 1,31% 0,0075 0,0077 63,64% 27,27%
exchange rate PLN/EUR 0,03 0,05 0,05 0,06 0,87% 1,16% 0,0057 0,0076 66,67% 66,67%
NEER 0,77 1,11 0,89 1,39 0,95% 1,38% 0,0056 0,0086 85,71% 71,43%
CPI index 0,55 0,67 0,69 0,86 0,30% 0,36% 0,0019 0,0024 40,00% 60,00%
PPI index 0,71 0,75 0,85 0,89 0,46% 0,50% 0,0028 0,0029 25,00% 50,00%
unemployment rate 0,14 0,31 0,18 0,36 1,00% 2,21% 0,0061 0,0124 33,33% 66,67%
GDP 914,03 1244,21 1126,47 1447,97 0,97% 1,34% 0,0060 0,0078 87,50% 75,00%
TP MAE RMSE MAPE Theil
 
Source: own calculations. 
Simulation results are given in graphs in Appendix. In Table 3 we present multipliers in a 
sustained shock obtained in the three scenarios. 
Table 3. Multipliers in Scenario 1, 2 and 3 in a sustained shock 
Variable
1 year 2 years 3 years 4 years End of period 1 year 2 years 3 years 4 years End of period 1 year 2 years 3 years 4 years End of period
nominal money supply M1 -8,71% -9,98% -10,31% -11,96% -12,92% -0,58% -0,75% -0,83% -0,95% -1,08% 0,72% 0,83% 0,86% 1,00% 1,08%
nominal money supply M2 -3,39% -4,48% -5,12% -5,34% -5,32% -0,33% -0,49% -0,59% -0,62% -0,65% 0,27% 0,36% 0,41% 0,43% 0,43%
exchange rate PLN/USD -2,28% -2,58% -2,42% -2,47% -2,38% -0,07% -0,11% -0,11% -0,10% -0,12% 0,18% 0,20% 0,19% 0,20% 0,19%
exchange rate PLN/EUR -4,46% -5,32% -4,62% -4,87% -5,39% -5,30% -5,34% -4,56% -4,79% -5,31% 0,36% 0,43% 0,37% 0,39% 0,44%
NEER 3,80% 4,56% 5,45% 5,26% 4,88% 3,92% 4,06% 4,76% 4,58% 4,26% -0,29% -0,35% -0,42% -0,40% -0,37%
CPI index -1,19% -1,72% -1,96% -2,00% -2,04% -0,23% -0,32% -0,38% -0,39% -0,41% 0,09% 0,14% 0,16% 0,16% 0,16%
PPI index -0,05% -0,47% -0,55% -0,57% -0,61% -0,53% -0,59% -0,62% -0,63% -0,65% 0,00% 0,04% 0,04% 0,05% 0,05%
GDP -1,80% -2,37% -2,40% -2,49% -2,58% -0,68% -0,88% -0,92% -0,92% -1,02% 0,14% 0,19% 0,19% 0,20% 0,21%
capital market risk 0,1172 0,1135 0,1131 0,1132 0,1158 -0,0009 -0,0007 -0,0010 -0,0011 0,0002 -0,1133 -0,1130 -0,1129 -0,1130 -0,1132
money market rate 5,5589 5,5695 5,5674 5,5672 5,5703 -0,0001 -0,0001 -0,0010 -0,0018 0,0007 -0,4362 -0,4370 -0,4368 -0,4368 -0,4370
lending rate 3,9292 4,4224 4,4930 4,5027 4,5031 0,0035 0,0016 0,0008 0,0000 0,0003 -0,3083 -0,3470 -0,3525 -0,3533 -0,3533
unemployment rate 0,3258 0,5928 0,7145 0,7608 0,7636 0,1459 0,2239 0,2679 0,2833 0,2892 -0,0258 -0,0469 -0,0566 -0,0603 -0,0605
Increase of EUR/USD exchange rate by 10%
Scenario 2




Increase of domestic discount rate by 5 pp.
Scenario 1
 
Source: own calculations. 
The analysis in Scenario 1 (see Table 3 and figures in Appendix) has shown that a 5 pp. 
shock to a domestic discount rate gives rise to an increase in the capital market risk and in turn to an 
increase in money market and lending rates. Rising interest rates give rise to a drop in money 
supply M1 and M2, which brings a nominal appreciation of the zloty. This drop in e.g. PLN/USD 
exchange rate is sharp enough to lower both imports and exports expressed in US dollars. Exports 
decreases more than imports and as a result we observe a deterioration of the total trade balance. 
Higher interest rates bring also a significant disinflation (as measured by CPI) and a lower GDP 
income (via lower private consumption and trade balance deficit), which in turn gives rise to an 
increase in unemployment rate. 
In general we can conclude that a 5 pp. positive sustained shock to a discount rate gives rise 
in the end to a 5.39% appreciation of PLN/EUR exchange rate, 2.38% appreciation of PLN/USD 
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exchange rate, 2.04% disinflation in consumer prices and 2.58% decrease of GDP. The 
unemployment rate goes up by roughly 0.8 pp. 
Now let us proceed to Scenario 2. We have put a 10% positive shock to EUR/USD exchange 
rate. The shock denotes a depreciation of the euro against the dollar. We can see that this shock is 
absorbed by the capital market risk and interest rates and dies out in those variables over the sample 
period. The shock influences directly the exchange rate PLN/EUR and we observe its appreciation. 
This, in turn, lowers exports, which in the end, via lower GDP, deteriorates the trade balance. 
Moreover, we observe disinflation in CPI prices and a higher unemployment rate. 
Generally speaking, a depreciation of the euro vs. the dollar is transmitted into the Polish 
economy via the monetary and then a real channel. We can see that a sustained 10% positive 
EUR/USD exchange rate shock gives rise to a 5.31% appreciation of PLN/EUR exchange rate and a 
very slight 0.12% appreciation of PLN/USD exchange rate. In the end CPI prices are lower by 
0.41% and GDP goes down by 1.02%. In turn, the unemployment rate increases by 0.29 pp. 
Finally, let us analyze Scenario 3 in which we put a 5 pp. positive shock to a short-term EU 
interest rate. This shock is transmitted into the Polish economy directly through the capital market. 
Then the shock feeds interest rates and exchange rates and is further transmitted into the real sector. 
We observe a drop in capital market risk, which lowers both money market and lending interest 
rates. Lower money market interest rate gives rise to an increase in money supplies M1 and M2. 
This results in higher exchange rates PLN/EUR and PLN/USD which in turn boost exports and 
improve the trade balance. As a consequence, we observe GDP increase and a very moderate drop 
in unemployment rate. 
In general, we should note that a 5 pp. rise in EU interest rate lowers the capital market risk 
by roughly 11 points. The money market and lending rates drop by 0.44 and 0.35 pp., respectively. 
Both exchange rates, i.e. PLN/EUR and PLN/USD, increase by 0.44% and 0.19%, respectively, 
which means a nominal depreciation. This depreciation improves the trade balance, which in turn 
gives rise to a slight GDP growth by 0.21%. Moreover, we can see a rise in CPI prices by 0.16% 
and a very small drop in unemployment rate by 0.06 pp. 
We conclude that the effects in Scenarios 2 and 3 (foreign) are much weaker compared to 
Scenario 1 (domestic). Moreover, the results in Scenario 1 are opposite to Scenario 3 but in the 
former they are much stronger. 
 
Conclusions and policy implications 
In this paper we have shown the estimation and simulation results of the quarterly 
econometric model. The model has been positively verified in economic terms. The estimates of the   16
model turned out to be statistically significant and stable over time. No autocorrelation and 
normality of residuals has not been rejected and predictive power of relations was relatively high. 
No outliers in the static and dynamic base simulations were observed. 
In the simulation exercises we have focused on the three scenarios. In Scenario 1 we have 
applied a 5 pp. shock to a domestic discount interest rate, Scenario 2 denoted a 10% positive shock 
to the exchange rate EUR/USD, and finally, in Scenario 3 we have applied a shock to a short-term 
EU interest rate by 5 pp. We have applied both impulse and sustained shocks. 
The results have shown that domestic monetary policy has a strong influence on the 
performance of the Polish economy as measured by e.g. GDP income growth and unemployment 
rate. 
We have found that a 5 pp. sustained positive shock to a domestic discount rate lowers GDP 
by 1.8% after a year and by 2.5% after 4 years and increases unemployment rate by 0.3 pp. and 0.8 
pp. respectively over the same period. The effects in Scenario 1 (domestic) turned out to be much 
stronger than in Scenario 2 and 3 (foreign). 
We have also found that e.g. a 10% depreciation of the euro against the dollar gives rise to 
an appreciation of the zloty against the euro by 4.8% after 4 years and against the dollar by 0.1%. 
This shock brings also a drop in GDP by 0.7% after a year and by 0.9% after 4 years, while an 
increase in unemployment rate is 0.3 pp. after 4 years. 
The policy implication would be to pursue an economic policy of smoothing the asymmetric 
shocks in Poland against the EU-15 economy as we might expect the large differentials in e.g. 
interest rates, inflation rates and income growth rates affect the capital market risk and exchange 
rates to a large extent. Hence, the stability of the financial market and exchange rates is an 
important growth factor of the Polish economy. 
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Figures show multipliers in Scenario 1, 2, and 3, respectively (left to right). 
Source: own elaboration. 
 
  21CESifo Working Paper Series 




1493 Kurt R. Brekke and Michael Kuhn, Direct to Consumer Advertising in Pharmaceutical 
Markets, July 2005 
 
1494 Martín Gonzalez-Eiras and Dirk Niepelt, Sustaining Social Security, July 2005 
 
1495 Alfons J. Weichenrieder, (Why) Do we need Corporate Taxation?, July 2005 
 
1496 Paolo M. Panteghini, S-Based Taxation under Default Risk, July 2005 
 
1497 Panos Hatzipanayotou and Michael S. Michael, Migration, Tied Foreign Aid and the 
Welfare State, July 2005 
 
1498 Agata Antkiewicz and John Whalley, BRICSAM and the Non-WTO, July 2005 
 
1499 Petr Hedbávný, Ondřej Schneider and Jan Zápal, A Fiscal Rule that has Teeth: A 
Suggestion for a ‘Fiscal Sustainability Council’ underpinned by the Financial Markets, 
July 2005 
 
1500 J. Atsu Amegashie and Marco Runkel, Sabotaging Potential Rivals, July 2005 
 
1501 Heikki Oksanen, Actuarial Neutrality across Generations Applied to Public Pensions 
under Population Ageing: Effects on Government Finances and National Saving, July 
2005 
 
1502 Xenia Matschke, Costly Revenue-Raising and the Case for Favoring Import-Competing 
Industries, July 2005 
 
1503 Horst Raff and Nicolas Schmitt, Why Parallel Trade may Raise Producers Profits, July 
2005 
 
1504 Alberto Bisin and Piero Gottardi, Efficient Competitive Equilibria with Adverse 
Selection, July 2005 
 
1505 Peter A. Zadrozny, Necessary and Sufficient Restrictions for Existence of a Unique 
Fourth Moment of a Univariate GARCH(p,q) Process, July 2005 
 
1506 Rainer Niemann and Corinna Treisch, Group Taxation, Asymmetric Taxation and 
Cross-Border Investment Incentives in Austria, July 2005 
 
1507 Thomas Christiaans, Thomas Eichner and Ruediger Pethig, Optimal Pest Control in 
Agriculture, July 2005 
 
1508 Biswa N. Bhattacharyay and Prabir De, Promotion of Trade and Investments between 
China and India: The Case of Southwest China and East and Northeast India, July 2005 
  
1509 Jean Hindriks and Ben Lockwood, Decentralization and Electoral Accountability: 
Incentives, Separation, and Voter Welfare, July 2005 
 
1510 Michelle R. Garfinkel, Stergios Skaperdas and Constantinos Syropoulos, Globalization 
and Domestic Conflict, July 2005 
 
1511 Jesús Crespo-Cuaresma, Balázs Égert and Ronald MacDonald, Non-Linear Exchange 
Rate Dynamics in Target Zones: A Bumpy Road towards a Honeymoon – Some 
Evidence from the ERM, ERM2 and Selected New EU Member States, July 2005 
 
1512 David S. Evans and Michael Salinger, Curing Sinus Headaches and Tying Law: An 
Empirical Analysis of Bundling Decongestants and Pain Relievers, August 2005 
 
1513 Christian Keuschnigg and Martin D. Dietz, A Growth Oriented Dual Income Tax, July 
2005 
 
1514 Fahad Khalil, David Martimort and Bruno Parigi, Monitoring a Common Agent: 
Implications for Financial Contracting, August 2005 
 
1515 Volker Grossmann and Panu Poutvaara, Pareto-Improving Bequest Taxation, August 
2005 
 
1516 Lars P. Feld and Emmanuelle Reulier, Strategic Tax Competition in Switzerland: 
Evidence from a Panel of the Swiss Cantons, August 2005 
 
1517 Kira Boerner and Silke Uebelmesser, Migration and the Welfare State: The Economic 
Power of the Non-Voter?, August 2005 
 
1518 Gabriela Schütz, Heinrich W. Ursprung and Ludger Wößmann, Education Policy and 
Equality of Opportunity, August 2005 
 
1519 David S. Evans and Michael A. Salinger, Curing Sinus Headaches and Tying Law: An 
Empirical Analysis of Bundling Decongestants and Pain Relievers, August 2005 
 
1520 Michel Beine, Paul De Grauwe and Marianna Grimaldi, The Impact of FX Central Bank 
Intervention in a Noise Trading Framework, August 2005 
 
1521 Volker Meier and Matthias Wrede, Pension, Fertility, and Education, August 2005 
 
1522 Saku Aura and Thomas Davidoff, Optimal Commodity Taxation when Land and 
Structures must be Taxed at the Same Rate, August 2005 
 
1523 Andreas Haufler and Søren Bo Nielsen, Merger Policy to Promote ‘Global Players’? A 
Simple Model, August 2005 
 
1524 Frederick van der Ploeg, The Making of Cultural Policy: A European Perspective, 
August 2005 
 
1525 Alexander Kemnitz, Can Immigrant Employment Alleviate the Demographic Burden? 
The Role of Union Centralization, August 2005  
1526 Baoline Chen and Peter A. Zadrozny, Estimated U.S. Manufacturing Production Capital 
and Technology Based on an Estimated Dynamic Economic Model, August 2005 
 
1527 Marcel Gérard, Multijurisdictional Firms and Governments’ Strategies under 
Alternative Tax Designs, August 2005 
 
1528 Joerg Breitscheidel and Hans Gersbach, Self-Financing Environmental Mechanisms, 
August 2005 
 
1529 Giorgio Fazio, Ronald MacDonald and Jacques Mélitz, Trade Costs, Trade Balances 
and Current Accounts: An Application of Gravity to Multilateral Trade, August 2005 
 
1530 Thomas Christiaans, Thomas Eichner and Ruediger Pethig, A Micro-Level ‘Consumer 
Approach’ to Species Population Dynamics, August 2005 
 
1531 Samuel Hanson, M. Hashem Pesaran and Til Schuermann, Firm Heterogeneity and 
Credit Risk Diversification, August 2005 
 
1532 Mark Mink and Jakob de Haan, Has the Stability and Growth Pact Impeded Political 
Budget Cycles in the European Union?, September 2005 
 
1533 Roberta Colavecchio, Declan Curran and Michael Funke, Drifting Together or Falling 
Apart? The Empirics of Regional Economic Growth in Post-Unification Germany, 
September 2005 
 
1534 Kai A. Konrad and Stergios Skaperdas, Succession Rules and Leadership Rents, 
September 2005 
 
1535 Robert Dur and Amihai Glazer, The Desire for Impact, September 2005 
 
1536 Wolfgang Buchholz and Wolfgang Peters, Justifying the Lindahl Solution as an 
Outcome of Fair Cooperation, September 2005 
 
1537 Pieter A. Gautier, Coen N. Teulings and Aico van Vuuren, On-the-Job Search and 
Sorting, September 2005 
 
1538 Leif Danziger, Output Effects of Inflation with Fixed Price- and Quantity-Adjustment 
Costs, September 2005 
 
1539 Gerhard Glomm, Juergen Jung, Changmin Lee and Chung Tran, Public Pensions and 
Capital Accumulation: The Case of Brazil, September 2005 
 
1540 Yvonne Adema, Lex Meijdam and Harrie A. A. Verbon, The International Spillover 
Effects of Pension Reform, September 2005 
 
1541 Richard Disney, Household Saving Rates and the Design of Social Security 
Programmes: Evidence from a Country Panel, September 2005 
 
1542 David Dorn and Alfonso Sousa-Poza, Early Retirement: Free Choice or Forced 
Decision?, September 2005  
1543 Clara Graziano and Annalisa Luporini, Ownership Concentration, Monitoring and 
Optimal Board Structure, September 2005 
 
1544 Panu Poutvaara, Social Security Incentives, Human Capital Investment and Mobility of 
Labor, September 2005 
 
1545 Kjell Erik Lommerud, Frode Meland and Odd Rune Straume, Can Deunionization Lead 
to International Outsourcing?, September 2005 
 
1546 Robert Inklaar, Richard Jong-A-Pin and Jakob de Haan, Trade and Business Cycle 
Synchronization in OECD Countries: A Re-examination, September 2005 
 
1547 Randall K. Filer and Marjorie Honig, Endogenous Pensions and Retirement Behavior, 
September 2005 
 
1548 M. Hashem Pesaran, Til Schuermann and Bjoern-Jakob Treutler, Global Business 
Cycles and Credit Risk, September 2005 
 
1549 Ruediger Pethig, Nonlinear Production, Abatement, Pollution and Materials Balance 
Reconsidered, September 2005 
 
1550 Antonis Adam and Thomas Moutos, Turkish Delight for Some, Cold Turkey for 
Others?: The Effects of the EU-Turkey Customs Union, September 2005 
 
1551 Peter Birch Sørensen, Dual Income Taxation: Why and how?, September 2005 
 
1552 Kurt R. Brekke, Robert Nuscheler and Odd Rune Straume, Gatekeeping in Health Care, 
September 2005 
 
1553 Maarten Bosker, Steven Brakman, Harry Garretsen and Marc Schramm, Looking for 
Multiple Equilibria when Geography Matters: German City Growth and the WWII 
Shock, September 2005 
 
1554 Paul W. J. de Bijl, Structural Separation and Access in Telecommunications Markets, 
September 2005 
 
1555 Ueli Grob and Stefan C. Wolter, Demographic Change and Public Education Spending: 
A Conflict between Young and Old?, October 2005 
 
1556 Alberto Alesina and Guido Tabellini, Why is Fiscal Policy often Procyclical?, October 
2005 
 
1557 Piotr Wdowinski, Financial Markets and Economic Growth in Poland: Simulations with 
an Econometric Model, October 2005 